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Increasing the Rate of Cattle Dung Decom- 
position by Nitrogen Fertilization 
JOHN LUSSENHOP, D.T. WICKLOW, RABINDER KUMAR, AND J.E. LLOYD 

Abstract 
Cattle dung on a Colorado range was subjected to 6 years of 

irrigation and nitrogen fertilization. Disappearance of the dung 
was determined by sampling particles >0.8 cm*. No particles 
remained in irrigated plots. Seventy-two percent less dung weight 
remained in nitrogen fertilized than in control plots. Nitrogen 
fertilization increased dung nitrogen concentration by 13%. We 
argue that fertilization increased weight loss by stimulating 
microbial growth. 

Can the rate of dung disappearance from arid rangeland be 
increased? Such increases would probably be beneficial, speeding 
nutrient cycling and releasing more space to plants (Marshall 1974, 
Marsh and Campling 1970). Disappearance of dung is ultimately 
the result of metabolic activities of microorganismsand associated 
microfauna. But decomposition is much slower than fragmenta- 
tion of dung by rainfall or frost cracking (White 1960), or by such 
animal activity as trampling (Boswell and Smith 1976), foraging in 
dung (Anderson and Merritt 1977), or by burial by dung beetles 
and earthworms (White 1960). It is fragmentation rather than 
decomposition that results in rapid loss of dung in moist grass- 
lands. This study focuses attention on decomposition in arid range- 
land where fragmentation is slow, and where any factor which 
stimulates metabolic activity of decomposer microorganisms is 
likely to speed disappearance of dung. In the present study we 
demonstrate that nitrogen fertilization increases the rate of dung 
disappearance by increasing decomposer activity. 

Materials and Methods 

The research was performed on the Pawnee Site, the field 
research facility of the Natural Resource Ecology Laboratory, 
Colorado State University, located on the U.S. Dep. Agr. Agricul- 
tural Research Service Central Plains Experimental Range. 
Annual precipitation varies from 254 to 381 mm, about 80% 
occurring from May to September (Dodd and Lauenroth 1979). 
During the growing season actual evapotranspiration nearly 
equals precipitation (Sims and Coupland 1979). 

In 1970, a pasture which had been grazed for IO years was fenced 
into eight l-ha plots from which cattle were then excluded. The 
homogeneous population of dung particles remaining from 10 
years of grazing was subjected to these singly replicated treatments: 
(I) irrigation sprinkling between 1 May and I September to main- 
tain soil moisture tension <0.8 bars; (2) nitrogen fertilization 
(ammonium nitrate applied to maintain a 50 kg/ ha difference 
between fertilized and unfertilized soil; (3) irrigation plus nitrogen 
fertilization; and, (4) an untreated control. The nitrogen fertilized 
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plots are most important in the present discussion; in these plots 
I50 kg/ ha of nitrogen was applied in 1970, and 100 kg/ ha in 1973 
and 1974. The purpose of the treatments was to determine effects 
on plant species composition (Dodd and Lauenroth 1979). This 
objective did not interfere with our study of the 6 years of treat- 
ments on decomposition of cow dung remaining from the IO-year 
period of grazing. 

We collected dung in November, 1976, by walking systemati- 
cally over half of each plot, collecting all visible particles, the lower 
size limit being ca. 0.8 cm*, There was no indication of aggregation 
of dung in any of the plots. The particles were weighed after drying 
at 9oOC for 48 hours. The CG absorption method of Lieth and 
Ouellette (1962) was used to determine microbial activity during 
the first 24 hours after wetting dry field-collected dung (2% mois- 
ture) to 150%. Composited samples were prepared for determina- 
tion of total Kjeldahl nitrogen. 

Results and Discussion 
When irrigation and fertilization treatments were applied, dung 

had lain in the field at least 6 years. During this time pats lost 
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Table 1. Density, abundance, and nitrogen content of cattle dung pats 
subjected to irrigation and nitrogen fertilization. Standard errors are 
given in parentheses; single and double asterisks indicate significant 
difference from the control at 5% and 1% levels respectively. 

Total weight Dung parti- % nitrogen 
Treatment (gm/m*) cles/ ha Dung Soil 

Irrigation 0 0 - 0. I i(O.04) 
Irrigation -I- 

Nitrogen 0 0 - 0. I6(0.04) 
Nitrogen 0.19(3.49)** 23(3.7)** 1.83(0&q* 0.1 I(O.03) 
Control 0.68(1.72) 74(2.9) I .62(0.05) 0.12(0.04) 

weight by respiration of decomposer organisms and both physical 
and biological forces caused their fragmentation. lmportant physi- 
cal causes of fragmentation are drops of water and abrasion by 
windblown detritus. Plots were not sprinkled in spring or fall when 
freezing temperatures would cause frost cracking. Biological frag- 
mentation may have been caused by plant growth in dung and by 
brief invertebrate tunneling. When collected, pats contained few 
individual insects and no termite or ant colonies. 

Irrigation and irrigation plus nitrogen fertilization treatments 
result in rapid dung loss by the combination of physical and 
biological fragmentation. Compared with controls, irrigation 
increased weight loss by more than the 72% increases observed for 
nitrogen fertilization alone because no dung particles larger than 
0.8 cm* remained in irrigated plots. 

The role of microbial growth in increasing fragmentation and 
weight loss is illustrated by the contrast between nitrogen fertilized 
and control plots. Nitrogen fertilized plots contained 72% less 
dung weight and 62% fewer dung particles than unfertilized plots 
(Table 1). Most dung particles were of intermediate weight so that 
a graph of the cumulative proportion of dung particle weights is 
convex (Fig. I). White (1960, Table 4) obtained a similar distribu- 
tion after fragmentation of sheep dung during a winter in England. 
Fertilization decreased the relative abundance of intermediate- 
weight particles (p<O.Ol; Kolmogorov-Smimov 2-sample test). 
The loss of intermediate-sized dung particles plus the lower 
number and weight of all particles implies faster fragmentation of 
nitrogen-fertilized relative to unfertilized dung. 

We argue that the reason faster fragmentation rates occur in 
fertilized plots is because additional nitrogen allows more metabol- 
ically active microbial populations. Dung remaining in fertilized 
plots retains some fertilizer nitrogen (Table I)-probably immo- 
bilized by microorganisms. This conclusion is supported by differ- 

ences in rates of COZ evolution. During the first 24 hours after 
wetting to 150% moisture, random samples of dung particles from 
the fertilized plots released Co1 seven times faster than equal-sized 
particles in samples from the control plots (14 vs 2 pg/g/hr; I-way 
ANOVA, 60.05). 

In a similar nitrogen fertilization experiment, Castle and Mac- 
Daid (1972) recorded time to crumbling and time to total disinte- 
gration of 228 marked dung pats in an English pasture. They 
applied nitrogen (22 or 90 kg/ ha) in 6 monthly applications during 
the grazing season for 2 years. The statistically insignificant trends 
they observed are consistent with the present study and might have 
been significant if weight loss had been recorded. The arid site of 
the present study contrasts with the relatively humid study sites of 
White (1960) and Castle and MacDaid (1972). 

We conclude that in mesic grasslands dung disappears so rapidly 
by physical and biological fragmentation that the effect of fertiliza- 
tion is not observed. However, in arid ranges where thefragmenta- 
tion rate is lower, nitrogen fertilization increases the 
decomposition rate by stimulating microbial activity. 
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